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Abstract 

As an indicator of the real estate market, a reasonable housing price-rent ratio will promote the 
sustainable development of the real estate market, thereby promoting the sustainable 
development of the city. Sustainable urban construction will also promote the rationalization of 
the housing price-rent ratio in turn, which will have a positive impact on the real estate market. 
Exploring and comparing factors affecting the price-rent ratio is important for urban 
sustainability. Using house purchase transaction and rent transaction data in 2018 in Guangzhou, 
China, this paper analyzed the spatial distribution pattern of price-rent ratio acquired by the 
Inverse Distance Weighted interpolation method and a quantile regression model was employed 
to quantify the impacts of built environmental factors on price-rent ratio. Moreover, this paper 
further discussed the bidirectional influence mechanism of urban sustainability construction and 
housing price-price ratio. Results showed that the price-rent ratio has a dispersed distribution 
with multiple centers. The highs lie in the suburbs or handed-over areas between newly-built and 
old built-up parts of the city. The price-rent ratio is mainly influenced by fife services such as 
leisure and entertainment, shopping centers, sports facility, education resources such as 
university and school, green infrastructures such as green space and waterfront. Daily Life 
services contribute more to low-level price-rent ratio and leisure, entertainment and cultural 
facility contributes more to high-level price- rent ratio. Sustainable urban development as well as 
real estate development should pay attention to the construction of green infrastructure, public 
transit, commercial services, medical service, spiritual services and educational services. This 
study will lay a solid foundation for formulating real estate policies within the built environment 
and helps integrating real estate markets into sustainable urban development activities to 
achieve urban sustainability. 
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1. Introduction 

Sustainable cities meet the development needs of urban residents without placing unsustainable 

demands on local or global resources and systems, thereby becoming more socially, environmentally and 

financially sustainable. The pillars for achieving sustainability of cities are social development, economic 

development, environmental management, urban governance, and sustainable finance (Jiboye, 2011). As 

an influential sector in the national economy, real estate and the urban economy play an essential role in 
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sustainable economic growth. Sustainable development of a healthy real estate market contributes to 

improve citizens' quality of life and achieve sustainable urban management. 

Representing the relationship between housing price and rent, the price-rent ratio is an indicator of 

the real estate market (Zhai et al., 2018). The housing price-rent ratio and urban sustainability are 

mutually reinforcing. A reasonable housing price-rent ratio will promote the sustainability of the real 

estate market, thereby promoting the sustainable development of the city; in turn, sustainable urban 

construction will also promote the rationalization of the housing price-rent ratio, which will have a 

positive impact on the real estate market. The impact is especially reflected in the construction of urban 

infrastructure. Therefore，exploring and comparing factors influencing the price-rent ratio are important 

for urban sustainability. 

With reference to the housing price-rent ratio, a myriad of papers have focused on the macro-

factors of society or economy that influence the price-rent ratio. However, there are few studies focus on 

investigating the micro-level factors of the built environment that influence the price-rent ratio. Some 

studies have been conducted to uncover the built environment factors that affect the housing price or 

housing rent separately. But the influences of the built environment on the price-rent ratio have not been 

studied fully. Such kind of vacancy needs to be filled.  

However, operating this kind of study could be difficult. Firstly, without a series of housing prices 

and rent records, as well as urban infrastructure data, the analysis could be very hard and unreliable. 

Secondly, proper a suitable model to describe the relationship between urban infrastructure factors and 

price-rent ratio, then extract the most influential factors, is hard to design. Many aspects should be put 

into consideration like multicollinearity of factors and the reliability of the model. Finally, the analysis 

should be operated from various aspects and find out how urban sustainable construction influences 

housing price-rent ratio. 

Utilizing massive housing price and rent records in Guangzhou area, this paper proposed an analysis 

of the micro-level factors of the built environment that influence the price-rent ratio and explored the 

bidirectional influence mechanism of urban sustainability construction and housing price-price ratio. 

Firstly, this paper utilized the housing purchase data and housing rent data in November 2018 in 

Guangzhou, and combined Inverse distance weighted (IDW) interpolation methods to estimate the price-

rent ratio. Secondly, the paper employed the quantile regression model to extract the most influential 

factors. Finally, this paper discussed the spatial distribution pattern of price-rent ratio and the influencing 

mechanisms of urban sustainability construction and price-rent ratio. The result of the paper sheds light 

on real estate policies and helps integrating real estate markets into sustainable urban development 

activities to achieve urban sustainability. 

2. Literature Review 

The price-rent ratio is an important issue in real estate study. The price‐rent ratio is considered as a 

valid indicator in reflecting the health of the real estate market (Xie and Liu, 2004, Zhai et al., 2018). 

Sommer et al. (2010) discovered that low interest rates, relaxed lending standards, and high incomes 

caused mostly the growth of price-rent ratio in the US as well as rapidly rising house prices, inactive rents, 

growing homeownership, and increasing household indebtedness. Cronin and McQuinn (2016) indicated 

that regulatory limitations can increase demand for rental accommodation greatly and higher rents for a 

given house price. Kishor and Morley (2015) found that the variation in the expected housing return will 

lead to the variation in the present-value component of the price–rent ratio. These studies focused on 

this topic from the perspective of economic and regulatory factors, which are macro-level factors. The 

influence of these factors on the price-rent ratio is obvious and easy to understand. 
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 On the other hand, micro-level factors in the urban area also impact the housing price and rent to a 

deep extent. In most relevant studies, micro-level factors include access to the live services catering and 

shopping centers,  accessibility to green spaces and open spaces nearest to the properties, accessibility to 

amenities such as parks, seascapes, waterways and landscapes,  environments such as noise and air 

quality condition and so on (Cohen and Coughlin, 2008, Hui et al., 2007, Lee and Li, 2009). Some 

researchers have studied the micro-level factors influencing housing prices or housing rent separately. 

From the perspective of house pricing, Visser et al. (2008) discovered the attributes of the residential 

environment that affect the regional house price. woodland and water, social status and ethnicity as well 

as accessibility to employment can be important factors. When it comes to housing rent, Nakagawa et al. 

(2007) found out that utility facilities, industrial districts and sporting facilities negatively influence the 

house renting, while medical, commercial, cultural, accommodation facilities, education have a positive 

effect.  These studies were mainly concerned about the issue of house prices or housing price, while 

fewer of them researched on the price-rent ratio.  As previously elaborated, they mainly focused on the 

economic and political factors. This kind of gap needs to be filled. Moreover, the impact factors in 

different cities are different, so it is necessary to carry out empirical research in different cities. 

This paper mainly contributes in the following aspects: (1) this paper collected the housing price and 

housing rent data from a Chinese authoritative website of housing. Therefore, the sample is reliable and 

large enough to accurately describe the property value and price-rent ratio (2) as the housing price and 

housing rent in Guangzhou, China has never been studied before, this study enriches the study area and 

empirical city examples of related research (3) we discussed the spatial distribution pattern and 

influencing factors of price-rent ratio, which are seldom discussed previously. (4) we discussed the 

influencing mechanisms of urban sustainability construction and price-rent ratio.  

3. Dataset and variables 

3.1. Case selection 

In this paper, Guangzhou, China was taken as the case study for the analysis. Guangzhou is the 

capital city of Guangdong province and one of the largest cities in south China. According to the statistical 

data from the National Bureau of Statistics of China, in 2018, the Gross Domestic Product (GDP) for 

Guangzhou is the fourth among all the cities in China. Up to 2018, the resident population of Guangzhou 

is 14.90 million and the population growth rate is 13.0‰. The urbanization rate is 86.38%(Guangzhou 

statistical yearbook 2019). Real estate market of Guangzhou boom under this high urbanization rate and 

population growth.  

In this study, we select the main urban area Tianhe, Yuexiu, Baiyun, Haizhu, Liwan, Huangpu, Fanyu 

as the research area. These cover the area of 2345.74 km2 and account for around 31.5% of the 

administrative region of Guangzhou.  

 

3.2. Dataset 

3.2.1. Housing price and rent 

The dataset of housing prices and rent of Guangzhou was collected from Lianjia  

(https://gz.lianjia.com/). As China’s largest real estate brokerage platform, Lianjia provides detailed 

transaction information of new houses, second-hand houses, and rental houses in most cities of China. 

The accessible information of housing prices and housing rents on Lianjia is updated in real-time; 

therefore, it keeps up well with the market dynamics. In this study, we utilized second-hand houses 

prices and rental houses prices to calculate the price-rent ratio, because the newly-built houses are 
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mainly located in suburbs and relatively few downtowns, which causes a biased error potentially. A 

dataset recording detailed information of on-sale second-hand houses and rental houses listed on Lianjia 

during the week ending 11 November 2018 was collected in this study. The prices and rents of this period 

are stable, for it is not the graduation season or entry season. The dataset contains detailed information 

of 27816 housing price records and 12204 housing rent records. For each record, its price/rent, latitude 

and longitude are included.  

  

（a） (b) 

Figure 1. Points of housing price (a) and housing rent (b) 

3.2.2 Built environment data 

The dataset of the built environment is also obtained from AutoNavi (https://www.amap.com/) and 

it contains 3 types: point, line, and polygon. Point data includes the bus station and the metro station. 

Line data includes roads. Polygon data includes the buildings, green space, water system. 

 

Figure 2. The dataset of the built environment 

 

3.2.3 Points of  Interest 

The dataset of points of interest (POIs) is obtained from AutoNavi  (https://www.amap.com/) and 

they are separated into 16  categories: catering, life service, leisure and entertainment, sport facility, 

shopping, hospital, university, school, cultural facility, enterprise, governmental agency, financial 

institution, industrial park, science and cultural institution, cemetery, tourist attractions. There are 

230510 POI totally in this study. 
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Figure 3. Points of interest 

 

3.3 Variables 

The definitions of variables are listed in Table 1. In this article, the threshold value of the walking 

area radius used in density calculation is quantified as 500km, which is the product of the maximum 

tolerable walking time (15 min) and the average walking speed (1m/s) of adults (Yang et al., 2018). 

Table 1. Variable definitions and descriptions. 
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4.Methodology 

4.1 Problem Description and Analytical Framework 

The main target of this paper is to uncover the spatial distribution pattern of price-rent ratio and 

extract the most influential factors of price-rent ratio, then give an analysis of the influence mechanism 

of the price-rent ratio and factors. We need to solve three problems from our dataset: 

(1) Estimate the overall price-rent ration distribution from  individual housing price and housing rent 

data 

(2) Extract the most influential factors from the data: variables of the built environment have severe 

multicollinearity, which may lead to a distortion of results or difficulty to estimate the model accurately. 

Choose a suitable model is a critical problem. 

(3) the mechanism of the price-rent ratio and influencing factors need to discuss carefully. 

To solve the challenges and problems described above, we chose the framework shown in Figure 4. 

 

Figure 4. The framework used in this paper 

 

4.2 Inverse distance weighted (IDW) interpolation 

To acquire data that are not available at their locations and observe the general trend, we utilized 

inverse distance weighted (IDW) interpolation to evaluate the spatial distributions of housing price and 

housing rent, from which we can calculate the price-rent ratio of each cell of the total research area. IDW 

interpolation is a technique that achieves to estimate the cell values of spatially distributed variables 

utilizing a linearly weighted combination of data points with known values. The weight is a function of 

inverse distance and it decreases as distance increases from the interpolated points. This method 

assumes that the measured values that are closer to the prediction cell have more impacts on the 

predicted value than those farther away. As IDW interpolation is relatively efficient and easy to 

compute(Abedini et al., 2016), this method has been widely used in the distribution research such as 

housing price (Yu et al., 2007, Li et al., 2017), land price (Junming, 2007), urban attraction potential 

(Abedini et al., 2016), air quality (Anselin and Le Gallo, 2006), water quality (Liu et al., 2017), bathymetric 

measurements (Diaconu et al., 2019), etc.  

The housing price and housing rent show the characteristics of spatial gathering. Housing price and 

housing rent that are close to one another are more alike than those farther away, as the locations get 

farther away, the measured values will have little relationship with the value of the prediction location. 

Therefore, in this case, IDW interpolation is suitable for us to evaluate the spatial distribution pattern of 

housing prices and housing rent on large scale, thus calculate the price-rent ratio and obtain the spatial 

distributions of price-rent ratio. 
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4.3 Price-rent ratio computation 

The costs of owning a house relative to the cost of renting a house can be estimated utilizing the 

median house value and the median gross rent. In this study, the price-rent ratio of each cell was 

calculated approximately as follow: 

 

Where R refers to the price-rent ratio. P refers to the housing price and Z refers to the housing rent. 

Housing price-rent ratio can present the relationship between housing prices and housing rent. The 

price-to-rent ratio indicates the relative affordability of purchasing and renting a house in the real estate 

market. If the housing price-rent ratio is low, which means the cost of owning a house exceeds that of 

renting, more will be renting, and housing prices will decrease (and/or rents will increase). The renting 

market will be more active than the buying market. Conversely, if the housing price-rent ratio is high, 

which means that the cost of ownership is lower than that of renting, more will be buying, and housing 

prices will increase (and/or rents will fall). The buying market will be more active than the renting market 

in this situation. If prices are too high, there will be a real estate bubble. 

 

4.4 Quantile regression 

Quantile regression is a statistical method to calculate and infer conditional quantiles. Different from 

the traditional ordinary least squares (OLS) linear model, the quantile regression estimates the effects 

along with the distribution of the dependent variables instead of the average effects. Instead of inferring 

relationships of the variables based on conditional central tendency, quantile regression can be utilized to 

estimate models for different conditional quantiles of the conditional distribution. 

The quantile regression is described by the following equation:  

 

Where  is the vector of unknown parameters associated with the qth quantile. 

Quantile regression is considered to provide a more robust result to non-normal errors and outliers. 

By fitting linear regressions on different conditional quantiles of the range of a response variable 

(Koenker and Hallock, 2001, Hao et al., 2007), quantile regression allows a more complete statistical 

analysis of the stochastic relationships among random variables. Quantile regression also gives a more 

comprehensive characterization of the dataset, allowing us to estimate the influences of a covariate on 

the entire distribution, not merely its conditional mean. 

Quantile regression has been used in a wide range of researches such as monetary policy and food 

inflation(Iddrisu and Alagidede, 2020), the effect of tourism on economic resilience (Cheng and Zhang, 

2020), house prices and spatial distribution (Liao and Wang, 2012), housing attributes and real estate 

prices(Choy et al., 2012), the determinants of household embedded carbon emissions(Han et al., 2015). 

In this case, the quantile regression is suitable for exploring how differently price-rent ratio at 

different quantiles responds to the impacts of built environmental influencing factors, rather than 

estimating the constant regression coefficient representing the change in the response variable produced 

by a one-unit change in the predictor variable associated with that coefficient. It estimates the implicit 

price-rent ratio for each characteristic across the distribution of the price-rent ratio. Moreover, it allows 

higher price-rent ratio properties have different behaviors compared to lower price-rent ratio properties, 

even if they are within the same housing estate. Thus, the quantile regression can provide a better 
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explanation of the real-world cases and help us have a more comprehensive understanding of the 

relationship between price-rent ratio and built environment influencing factors. 

5.Result and discussion  

5.1 Price-rent ratio distribution  

The research area was divided into cells by 500 m×500 m. With IDW method in the geostatistical 

analysis module of ArcGIS software, we can determine the spatial interpolation of the housing price (Fig 

4, a) and housing rent (Fig 4, b)  subsequently. Each cell’s housing price and housing rent is the mean of 

all the points’ values in the search area of the neighborhood (maximum 10 nearest points and minimum 5 

nearest points). The result is showed in Figure 5. 

 

  

（a） (b) 

  

Figure 5. spatial distribution of housing price(a) and housing rent(b)  

 

As can be seen, housing prices show a trend of decreasing from the center to the periphery. The 

highs lie in the downtown of the city, closed to the CBD, surrounded by numerous companies and 

financial institutions. Catering services and living services are nearby. The housing rents show a trend of 

uneven group distribution. The rents in the newly-built downtown and parts of the southwestern old 

built-up area are high.  
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（a） 

 
(b) 

Figure 6. spatial distribution of price-rent ratio(a) and the cross-section of price-rent ratio (b) 

By the price-rent ratio function mentioned in 4.3, the price-rent ratio was calculated and the spatial 

distribution of the price-rent ratio in Guangzhou is shown in Figure 6. The price-to-rent ratio shows the 

following spatial distribution pattern: 

(1) The price-to-rent ratio generally shows a dispersed and group distribution with multiple centers. 
The highs and the lows are interleaved with each other, further presenting a disorder mottled 
distribution pattern of price-to-rent ratio.   

(2) The lows lie in the downtown of the newly-built or old built-up area. The rental market is active 

in these areas and the price-rent ratio is reasonable. The highs lie in the suburbs or handed-over areas 

between newly-built and old built-up parts of the city.  The peak of price-to-rent ratio not always locate 

in high housing price areas or low housing rent areas, they show a synergy effect. 

 

5.2 Quantile regression 

The central points of each 500 m ×500 m cells are chosen as the sampling point of the price-rent 

ratio. We calculate the variables of each sampling point. The statistics results of sampling points are 

shown in Table.2. 
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Table 2. Statistics description  

 

As the units of variables are different, we first need to normalize the variables. After normalization, 

we conducted the 0.25,0.5,0.75 quantile regression respectively. The models are shown in Table 3, Table 

4, Table 5. 

Table 3. Estimation of price-rent ratio using the 0.25 quantile regression model 
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Table 4. Estimation of price-rent ratio using the 0.5 quantile regression model 

 

Table 5. Estimation of price-rent ratio using the 0.75 quantile regression model 

 

We conducted the Quandt Likelihood Ratio (QLR) Test to this model. As p values of this model are 

smaller than 0.0001, the model passes the QLR test and proved to be effective. The smaller Akaike's 

Information Criteria (AIC) value means the model performs better. In this case, the 0.5 quantile model 

performs best. 
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Table 6. Model evaluation 

 

5.3 Discussion  

In a quantile regression model, when P values of the variables are smaller than 0.05, the influences 

of the corresponding variables are significant. The coefficient value represents the degree of influence. 

The larger the coefficient value is, the greater the influence of this variable will be. 

In these three models, the price-to-rent ratios show the following characteristics: 

The distance to the waterfront affects the price-rent ratio in all three quantiles. Water has a positive 

impact on the price-rent ratio. The closer to the waterfront, the lower the price-rent ratio will be. The 

lower price rent ratio reflects people’s preferences for living near the waterfront. For example, people 

would prefer to rent houses to live nearby the waterfront even if they don’t own houses nearby. If people 

own houses nearby the waterfront,  they may prefer to use the house for personal residence rather than 

real estate speculation. This means that a good landscape view may contribute a reasonable price-rent 

ratio and promotes a balanced relationship between housing price and housing rent. 

The impacts of shopping centers are significant in all three quantiles. The number of shopping 

centers has a negative impact on the price-rent ratio. The more shopping centers near a house, the lower 

the price-rent ratios will be. This means that easy to access shopping centers and commercial services will 

contribute to the balance of the price-rent ratio. 

Education resources such as schools and universities contribute to all three quantiles. Universities’ 

influences are more significant in lower quantile, while schools’ influences are more significant in higher 

quantile. In the medium quantile and high quantile of price-rent ratio, the price-rent ratio decrease as the 

number of schools and universities increases, which reflected people’s living preferences brought by 

education resources of the school. Driven by the school district system in China, people's pursuit of 

educational resources makes people eager to living near key schools, which has propelled the active if 

rental market.  

Accessibility such as the number of bus stations or subway stations also has influences on the price-

rent ratio. The number of bus stations and the number of bus stations has a negative impact on the price-

rent ratio. The more bus station and subway stations nearby, the lower the price-rent ratio will be. The 

properties which have convenient transportation may promote the owners to live in rather than real 

estate speculation. This means that the construction of public transit will contribute to the balance of the 

price-rent ratio. Moreover, the Bus stations’ influences are more significant in the lower quantile, while 

subway stations’ influences are more significant in the higher quantile. This may because the area of low 

quantile mainly locate in the suburbs, where people rely on subways for daily commuting.   

0.5 quantile regression reflects the effect of built environment factors on average-level price-rent 

ratio. In this quantile, leisure & entertainment, sports facility, science & culture Institution, green space, 

tourist attractions all have impacts on price-rent ratio. It is worth mentioning that green space shows a 

significant positive impact of the price-rent ratio. The closer to green space, the lower the price-rent ratio 

will be. The lower price rent ratio also reflects people’s preferences for living near green spaces. The 

number of leisure & entertainment also promotes the decrease of the price-rent ratio. 0.25 quantile 

regression reflects the effect of built environment factors on the low-level price-rent ratio. In this 
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quantile, life service, hospital, coverage area all have impacts on the price-rent ratio, among which the 

number of hospitals has a negative impact on the price-rent ratio. The more hospital near the house, the 

lower the price-rent ratio will be.  0.75 quantile regression reflects the effect of built environment factors 

on the high-level price-rent ratio. In this quantile, leisure & entertainment, cultural facility, tourist 

attraction contribute to price-rent ratio, among which the number of leisure & entertainment has a 

negative impact on price-rent ratio. The more leisure & entertainment facilities near the house, the lower 

the price-rent ratio will be. By comparing these three models under different quantile, we can find that 

daily life services contribute more to low-level price-rent ratio and leisure, entertainment and cultural 

facility contributes more to the high-level price- rent ratio. 

These results shed light on sustainable real estate development. Firstly, a pleasant environment and 

green infrastructure construction such as green space and waterfront will promote people’s living 

preferences and decrease the real estate speculation, which will promote the decrease of price-rent 

ratio. Secondly, the construction of public transit will contribute to the balance of the price-rent ratio. 

Thirdly, convenient commercial services are important. The basic life services such as hospitals, as well as 

the spiritual services such as leisure and entertainment facilities and educational services such as school 

also promote the decrease of price-rent ratio. The former mainly contribute to the lower quantile of the 

price-rent ratio and the later main contributes to the higher quantile of the price-rent ratio. 

6. Conclusions 

The price-rent ratio is an indicator of the real estate market. The housing price-rent ratio and urban 

sustainability are mutually reinforcing. A reasonable housing price-rent ratio will promote the sustainable 

development of the real estate market, thereby promoting the sustainable development of the city. 

Sustainable urban construction will also promote the rationalization of the housing price-rent ratio in 

turn, which will have a positive impact on the real estate market. Exploring and comparing factors 

affecting the price-rent ratio is important for urban sustainability. This study conducted an analysis of the 

spatial distribution patterns and influencing factors of housing price-rent ratio in Guangzhou based on 

housing transactions and housing rent data in 2018 in Guangzhou. Firstly, we utilized Inverse distance 

weighted interpolation methods to estimate the price-rent ratio based on the housing sales data and 

housing rental data. Secondly, this study utilized the quantile regression model to extract the most 

influential factors. Finally, the study discussed the spatial distribution pattern of the price-rent ratio and 

the influencing mechanisms of urban sustainability construction and the price-rent ratio. The results 

show that the price-rent ratio of Guangzhou has a dispersed distribution pattern with multiple centers, 

which is different from the spatial distribution pattern of housing price and housing rent. The highs lie in 

the suburbs or handed-over areas between newly-built and old built-up parts of the city. Life services 

such as leisure and entertainment, shopping centers, sports facility, education resources such as 

universities and schools, green infrastructure such as green space and waterfront all influenced the price-

rent ratio. Daily Life services contribute more to low-level price-rent ratio and leisure, entertainment and 

cultural facility contributes more to the high-level price- rent ratio. Sustainable urban development as 

well as real estate development should pay attention to the construction of green infrastructure, public 

transit, commercial services, medical service, spiritual services and educational services. 

However, there are some limitations. First, while employed a large dataset and conducted a detailed 

analysis, this study should acknowledge that these results of the most influencing factors could be 

difficult to transfer to the numeric index of urban construction, such as greening rate, water coverage 

rate and the number of facilities per area. Further investigations are needed to translate these 

influencing factors into actionable real estate development guidelines to promote better sustainable 

urban development as well. Moreover, the data used in this study was scraped from the largest real 

estate brokerage platform. Although the quantity of real-world housing prices and housing rent data in 
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this study is large, a part of the records is still missing in some urban areas, which may lead to a bias in 

IDW interpolation estimates. In addition, this study was limited to Guangzhou. The most influential 

factors extracted from the quantile regression model may be examined in the price-rent ratio data in 

other cities for more comprehensive analysis in the future. 
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